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Forceps delivery of a new treefrog species of the genus Boophis from
eastern Madagascar (Amphibia: Mantellidae)

Denis Vallan1,*, Miguel Vences2, Frank Glaw3

Abstract. We describe a new treefrog species of the genus Boophis (subgenus Sahona) from eastern Madagascar. Boophis
calcaratus sp. nov. is distinguished from other species of the group by the presence of distinct dermal heel tubercles which
are especially well developed in females. We also re-examined the type specimens of Boophis hillenii, a species that has
not been rediscovered after its description in 1979. According to our analysis this taxon shows no consistent morphological
differences to Boophis idae and supposed bioacoustic differences may be explained by two distinct call types in this species,
and we thus suggest to consider hillenii as junior synonym of idae.

Keywords: Boophis calcaratus, Boophis hillenii, Boophis idae, new species, Sahona.

Introduction

The mainly arboreal genus Boophis Tschudi,
1838 currently contains 58 described species
(Köhler et al., 2008) and thus represents the
largest anuran genus from Madagascar. In their
monograph on Malagasy frogs, Blommers-
Schlösser and Blanc (1991) distinguished seven
phenetic species groups based on morpholo-
gical criteria, among them the Boophis
tephraeomystax group with seven species. Since
then, Boophis leucomaculatus was removed
from the genus (Glaw and Vences, 1992), B.
pauliani was included in the B. tephraeomys-
tax group (Glaw and Vences, 1992), B. gran-
ulosus has changed its name to B. guibei
(Ohler, 1996), B. xerophilus and B. lichenoides
have been described as new species (Glaw and
Vences, 1997; Vallan et al., 1998), B. diffi-
cilis has been identified as a member of the B.
tephraeomystax group and synonymized with B.
tephraeomystax (Glaw et al., 2001), B. douli-
oti has been resurrected (Vences and Glaw,
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2002), B. microtis has been removed from the
genus (Andreone and Nussbaum, 2006), and the
subgeneric name Boophis (Sahona) has been
coined for the Boophis tephraeomystax group
(Glaw and Vences, 2006).

At present, the subgenus Sahona includes the
following nine species: Boophis doulioti (An-
gel, 1934), Boophis guibei (Mc Carthy, 1978),
Boophis hillenii Blommers-Schlösser, 1979,
Boophis idae (Steindachner, 1867), Boophis
lichenoides Vallan et al., 1998, Boophis opistho-
don (Boulenger, 1888), Boophis pauliani
(Guibé, 1953), Boophis tephraeomystax
(Duméril, 1853) and Boophis xerophilus Glaw
and Vences, 1997. In addition, a hitherto unde-
scribed species of the group has been known
since long. The aim of the present paper is to
describe this new species and to discuss the sta-
tus of Boophis hillenii.

Materials and methods

Animals were searched by means of opportunistic surveys
during day and night (using handtorches or headlamps).
After anaesthesia with ether or chlorobutanol the speci-
mens were fixed in 90% ethanol and preserved in 70%
ethanol. Measurements were taken by D.V. following Duell-
man (1970), with exceptions as noted below. Specimens ex-
amined, their catalogue numbers, sex and locality are sum-
marized in table 1 and the appendix. All measurements were
taken with a dial calliper to a precision of 0.1 mm except
for snout-vent length, which was measured to the nearest
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0.5 mm. The following parameters were measured: snout-
vent length (SVL); maximum head width (HW); forearm
length (FL); hand length (HAL); tibia length (TL); foot
length including tarsus (FOTL); foot length (FOL); horizon-
tal tympanum diameter (TD); horizontal eye diameter (ED);
eye-nostril distance (END) and; distance between nostril
and snout tip (NSD).

Webbing formulae are given both according to Savage
and Heyer (1967) as modified by Myers and Duellman
(1982) and Savage and Heyer (1997), as well as according
to Blommers-Schlösser (1979).

The following museum abbreviations are used:
MNHN = Muséum National d’Histoire Naturelle Paris,
MZUT = Museum of Zoology in Torino University,
NMBE = Naturhistorisches Museum Bern, NMW =
Naturhistorisches Museum Wien, ZMA = Zoölogisch Mu-
seum Amsterdam, ZSM = Zoologische Staatssammlung
München.

Results

Boophis (Sahona) calcaratus sp. nov. (figs 1, 2)

Holotype. NMBE 1033824, adult male, from
Ambavaniasy (18◦55.647′S, 48◦31.397′E, about
800 m above sea level), central eastern Mada-
gascar, collected on 9 March 1995 by D. Vallan.

Paratypes. NMBE 1033825 (adult female),
NMBE 1034194 (sex and age unknown), same
data as holotype; ZSM 5/2009 (originally NMBE
1033823) (sex and age unknown), from Am-
bavaniasy (18◦57.189′S, 48◦30.821′E, about

760 m above sea level), collected on 25 Novem-
ber 1995 by D. Vallan.

Diagnosis. A medium-sized treefrog, assigned
to the genus Boophis based on its occurrence
in Madagascar, the presence of an unforked
omosternum (confirmed in NMBE 1033825 by
dissection), absence of an outer metatarsal tu-
bercle, and absence of femoral glands. A species
of the subgenus Sahona based on the lack of
webbing between fingers (webbing present in
all species groups in the subgenus Boophis) and
yellowish marbling on the posterior flanks and
inguinal region (absent in most Boophis species
groups). Genetic evidence based on sequences
of three mitochondrial genes supports the as-
signment of the new species to the subgenus
Sahona (K.C. Wollenberg, personal communi-
cation), and its high genetic divergence from
the other species in this subgenus (Vieites et
al., 2009; as Boophis sp. 2). Distinguished from
other species of the subgenus by the presence
of distinct heel tubercles (absent in all other
species except for B. lichenoides) and protrud-
ing nostrils. Distinguished from B. lichenoides
by the lack of dermal fringes on arms, legs, and
lower lips. Furthermore, distinguished from B.
tephraeomystax by the presence of a rounded
head in dorsal view (vs. slightly pointed). Dis-

Figure 1. Male holotype (NMBE 1033824) of Boophis calcaratus in life (dorsolateral view).
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Figure 2. Female paratype (NMBE 1033825) of Boophis calcaratus in life (dorsolateral view).

tinguished from the other described Boophis
species with heel tubercles (belonging to the
B. goudoti group in the subgenus Boophis, see
Glaw and Vences, 2006): B. madagascariensis
(Peters, 1874), B. boehmei Glaw and Vences,
1992, B. brachychir (Boettger, 1882), B. retic-
ulatus Blommers-Schlösser, 1979, B. rufioculis
Glaw and Vences, 1997, B. burgeri Glaw and
Vences, 1994, and B. axelmeyeri Vences, An-
dreone and Vieites, 2005 by the absence of hand
webbing.

Description of holotype. Body slender; SVL
29.5 mm, for further measurements see table 1;
head as long as wide, broader than body; snout
round shaped in dorsal view, angular in lat-
eral view; nostrils directed laterally, protuber-
ant; canthus rostralis indistinct, concave; loreal
region weakly concave; tympanum distinct, me-
dium sized, rounded, its diameter about 2/5
of eye diameter; moderately distinct supratym-
panic fold; single subgular vocal sac; tongue
ovoid, distinctly bifid posteriorly; vomerine
teeth indistinct; choanae medium-sized, slightly
ovoid. Arms slender; subarticular tubercles sin-
gle; outer and inner metacarpal tubercle not
recognizable; fingers without webbing, compar-
ative finger length 1 < 2 < 4 < 3, first fin-
ger thickened without bearing a distinct nup-

tial pad, when fingers 2 and 4 are adpressed to
each other, terminal finger disks get into con-
tact; well developed terminal finger disks. Legs
slender; tibiotarsal articulation reaches between
eye and nostril; feet with a small elliptical inner
metatarsal tubercle, no outer metatarsal tuber-
cle; subarticular tubercles single, rounded; toe
disks well developed; webbing formula: I 1+ −
2 II 1 − 2 III 1 − 2 IV 2 − 1+ V respectively
1(0.5), 2i(1), 2e(0), 3i(1), 3e(0), 4i(1), 4e(1),
5(0.5), lateral metatarsalia separated; compara-
tive toe length 1 < 2 < 3 = 5 < 4. One distinct
dermal tubercle on each heel (diminished in size
after preservation in alcohol). Outer foot edge
with a series of tubercles which reach to the in-
sertion of the first toe. Skin on the upper surface
smooth, throat and chest smooth. Venter slightly
granular, thigh ventrally slightly granular, anal
region with some tubercles. For measurements
see table 1.

Colouration of holotype in life. Dorsally dark
brown with many small, sharply delimited
darker spots and markings and a transversal
dark band between the eyes. Upper surfaces
of fore- and hindlegs with distinct dark brown
crossbands. Eight crossbands on lower arm and
hand (to tip of longest finger), but no crossbands
on the upper arm. Small light tubercles on the
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shank. Upper and lower lip brown with narrow
white crossbands. Iris beige with turquoise pe-
riphery. Flanks blackish, especially in the in-
guinal region, with rounded whitish spots up
to several mm in diameter. Venter anteriorly
whitish, posteriorly creme. Throat grey, with
white spots and markings of different size. Ven-
tral surface of hindlegs dark grey, of feet black-
ish. There are enlarged whitish tubercles in the
cloacal region. Ventral surface of forelegs pink-
ish, of hands brown.

Colouration of holotype in preservative. After
more than ten years in alcohol the colouration
is still largely similar to that in life. The brown
colour of the back has changed to grey-brown,
but is not faded significantly. The iris is grey.

Variation. In comparison to the holotype, the
adult female (NMBE 1033825) is larger (SVL
39.5 mm), has larger heel tubercles and a nar-
rower first finger. The dorsal colouration is
lighter and the dark dorsal markings are larger.
The throat is only slightly darker than the ven-
ter, and has no white spots. Measurements of
two paratypes are included in table 1. Webbing
of the paratypes is similar to the holotype. Mor-
phometric ratios are given in table 1.

Etymology. The species name is an adjective
derived from Latin calcar (spur). Named after
the characteristic spine-like heel tubercles of the
new species.

Distribution. The species is known from two
localities in central eastern Madagascar (latitu-
dinal range 17◦00′-18◦55′S, altitudinal range 0-
800 m above sea level). NMBE specimens were
collected by D.V. at Ambavaniasy. An addi-
tional specimen (not collected) of B. calcaratus
was described and figured in Glaw and Vences
(1992) as Boophis sp. d and in Glaw and Vences
(1994) as Boophis sp. c. It had been discovered
by F. G. in the southern half of Nosy Boraha,
close to Ambodifototra, ca. 17◦00′S, 49◦51′E,
lower than 50 m above sea level. Recently, a
photograph taken at Betampona by F. Andreone
has been published (Andreone and Randriama-

hazo, 2008) that might also show B. calcaratus
although the diagnostic heel tubercles are not
visible.

Habits. Three specimens from Ambavaniasy
were found at night in eucalypt forest at least
several meters away from water sitting on
branches on leaves between 1.5 and 3 m height.
They were observed in syntopy with the follow-
ing anurans: Heterixalus madagascariensis, H.
punctatus, H. betsileo, Gephyromantis boulen-
geri, Guibemantis tornieri, G. liber, Boophis
madagascariensis and B. viridis. One specimen
was found in a strongly degraded forest several
meters away from a stream sitting on a branch
in 1.5 m height in syntopy with Platypelis bar-
bouri, Mantidactylus opiparis, M. lugubris, M.
femoralis, Gephyromantis boulengeri, Spino-
mantis aglavei, Boophis madagascariensis, B.
rappiodes, B. luteus and B. albilabris. The spec-
imen from Nosy Boraha was discovered in Oc-
tober 1987 during the day along a small stream
that was surrounded by secondary vegetation.
The species found in syntopy with B. calcara-
tus are a mixture of pond breeders and stream
breeders and do not allow any conclusion about
the breeding habitat of B. calcaratus. Further-
more, it appears that B. calcaratus does not
depend on primary forest and therefore might
be less affected by deforestation than other
Boophis species.

Call. Unknown.

Taxonomic status of Boophis hillenii and
other taxa related to Boophis idea

Boophis hillenii was described from Andasibe
in 1979, mainly based on supposed call differ-
ences to B. idae which, however, were not de-
scribed more in detail or documented by pre-
cise data or sonagrams (Blommers-Schlösser,
1979). Surprisingly B. hillenii was never unam-
biguously confirmed despite very intensive am-
phibian surveys in that region by us and oth-
ers (e.g., Andreone, 1993). The discovery of
B. calcaratus in the vicinity of Andasibe led
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us therefore consider the possibility that this
species might represent the unrecorded B. hil-
lenii. However, a closer study of the two male
type specimens of B. hillenii and comparison
with the two available male specimens of B.
calcaratus revealed that they are not conspe-
cific (for measurements of the holotype and pa-
ratype of B. hillenii, see table 1). In contrast
to B. calcaratus there are no heel tubercles in
the types of B. hillenii and no such tubercles
were described by Blommers-Schlösser (1979).
In addition the nostrils are more protruding and
closer to the snout tip than to the eye in B.
calcaratus (versus non-protruding and closer to
eye in B. hillenii, see table 1, but described
as of equal distance by Blommers-Schlösser,
1979). The absence of heel tubercles and the
non-protruding nostrils in the types of B. hil-
lenii and other name-bearing types of similar
species and their synonyms (see table 2) are re-
liable arguments that B. calcaratus indeed is a
new species and no other available name ap-
plies to it. According to Blommers-Schlösser
(1979) the tibiotarsal articulation extends to the
nostril in Boophis hillenii whereas according to
our observations (table 1) it reaches between
eyes and nostrils. Upon examination, we did
not recognize any clear difference between the
type specimens of B. hillenii and specimens of
Boophis idae from the Andasibe region. How-

ever, as shown in table 1 in the holotype of B.
idae (originally described as Hyperolius idae)
the nostrils are closer to the eye than to the
snout tip (vs. equidistant in B. hillenii). This
could possibly be explained by the fact that the
B. idae holotype is subadult. In adult B. idae
the nostrils are equidistant between snout tip
and eye (Blommers-Schlösser and Blanc, 1991).
The same is true for the hindlimb length. In the
holotype of B. idae the tibiotarsal articulation
does not reach the eye whereas it reaches the
eye in adult B. idae (Blommers-Schlösser and
Blanc, 1991). We therefore propose to consider
Boophis hillenii as junior synonym of Boophis
idae. Considering the two very different note
types emitted by Boophis idae together with its
remarkable life-colour variation might explain
why Blommers-Schlösser (1979) described B.
hillenii as a different species despite her oth-
erwise very thorough taxonomical work. Mea-
surements and other morphological characters
of primary types of taxa similar to B. calcara-
tus are given in tables 1 and 2. All these taxa
– as well as the holotype of Rhacophorus dif-
ficilis Boettger, 1913 (see Glaw et al., 2001) –
lack the dermal heel tubercles which are typi-
cal for B. calcaratus. In addition, B. calcaratus
differs from the type specimens of Rhacopho-
rus granulosus Guibé, 1975, Hyperolius idae
Steindachner, 1867, and Rhacophorus catalai

Table 2. Characteristics of Boophis calcaratus sp. nov. and type specimens of related taxa in the subgenus Sahona.

Species Webbing formula Tibiotarsal Tubercle Protruding Skin of
articulation on the nostrils the back
reaches. . . heel

Boophis calcaratus sp. nov. 1(0), 2i(1), 2e(0), 3i(1), 3e(0), between eye present present smooth
(holotype) NMBE 1033824 4i(1), 4e(1), 5(1) and nostril

Boophis hillenii 1(0.5), 2i(1.0), 2e(0.25), 3i(1.0), between eye absent absent smooth
(holotype) ZMA 7123 3e(0.5), 4i(1.5), 4e(1.75), 5(0.5) and nostril

Rhacophorus granulosus 1(0), 2i(0.25), 2e(0), 3i(1), the eye absent absent granular
(holotype) MNHN 1953.160 3e(0.25), 4i(1), 4e(1.25), 5(0)

Hyperolius idae 1(1), 2i(1.5), 2e(0.5), 3i(2), not the eye absent absent smooth
(holotype) NMW 14845 3e(0.5), 4i(1.75), 4e(1.75), 5(1)

Rhacophorus boulengeri 1(1), 2i(1.5), 2e(0.5), 3i(2), between eye absent absent smooth
(lectotype) MZUT Am. 90.1 3e(0.5), 4i(1.75), 4e(1.75), 5(1) and nostril

Rhacophorus catalai 1(0.5), 2i(1), 2e(0.25), 3i(1), not the eye absent absent smooth
(holotype) MNHN 1933.237 3e(0.25), 4i(1.5), 4e(1.5), 5(0.5)
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Angel, 1935 (synonym of B. idae) by longer
hindlimbs, and from Rhacophorus boulengeri
Peracca, 1892 (synonym of B. idae) by less
webbing between the toes. The holotype of
Rhacophorus femoralis Boulenger, 1882 (syn-
onym of B. idae) was not available for this
study. However, according to the original de-
scription (Boulenger, 1882) the tibiotarsal artic-
ulation reaches the center of eye in the holo-
type of R. femoralis (which therefore has shorter
hindlimbs than B. calcaratus), and heel tuber-
cles are not mentioned.

Discussion

By naming Boophis calcaratus and synonymiz-
ing Boophis hillenii we contribute to clarify
the taxonomy in the subgenus Sahona. How-
ever, the new species is poorly known, and
neither its breeding habitat nor advertisement
calls are known. Molecular work in progress
has confirmed the assignment of this species to
the subgenus Sahona, but in general, phyloge-
netic relationships among different lineages of
Boophis remain poorly resolved. Previous data
based on only one mitochondrial gene fragment
(Vences et al., 2002) had indicated paraphyly
of Sahona relative to the subgenus Boophis but
more recent work (e.g., Glaw and Vences, 2006)
grouped species of Sahona in a clade. Because
all Sahona species appear to breed in ponds
and species in the subgenus Boophis are pri-
marily stream breeders, this aspect of the phy-
logeny holds interest to understand the evolu-
tion of breeding habitat adaptations in mantel-
lids in general. A full taxon sampling of Sahona,
including Boophis (Sahona) calcaratus, and the
acquisition of new knowledge on its reproduc-
tive ecology, will be crucial to any such study.

We identified substantial morphological dif-
ferences among specimens herein considered to
be conspecific, e.g., between the holotype of
B. idae and other specimens assigned to this
species. We interpret this observation as indi-
cating intraspecific variability, considering that
especially regarding hindlimb length (but also

other characters such as adult body size, head
proportions and tympanum size) some species
of Boophis can be rather variable (e.g., Glaw
et al., 2001), and other characters can be in-
fluenced by the state of preservation of the
specimens measured. An alternative explana-
tion would be the existence of further cryptic
species in the subgenus Sahona. Considering
own, unpublished molecular genetic data, it is
likely that some species of this subgenus may
turn out to be complexes of cryptic species of
allopatric distribution, e.g., Boophis pauliani.
However, although we have identified, in the
past years, an enormous number of still un-
described candidate species of Malagasy frogs
(Vieites et al., 2009), we have not discovered
any morphologically or bioacoustically distinct
species in the subgenus Sahona, except for B.
xerophilus and B. lichenoides, described already
in 1997 and 1998 (Glaw and Vences, 1997;
Vallan et al., 1998), and B. calcaratus, de-
scribed herein but already identified as candi-
date species in 1992 (Glaw and Vences, 1992).
This seems to confirm that species diversity in
these pond-breeding treefrogs in Madagascar
is comparatively low (Vences et al., 2002) and
leads us to reject the hypothesis that the avail-
able historical specimens and types represent
more species of Sahona than currently recog-
nized.
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Appendix. Specimens examined

Boophis calcaratus sp. nov.: NMBE 1033824 (holotype),
Ambavaniasy (18◦55.647′S, 48◦31.397′E), NMBE 1033825
(paratype), same locality as holotype; NMBE 1034194 (pa-
ratype), same locality as holotype; NMBE 1033823 (para-
type), Ambavaniasy (18◦57.189′S, 48◦30.821′E).

Boophis hillenii Blommers-Schlösser, 1979: ZMA
7123A (holotype), near Andasibe; ZMA 7123B (paratype),
same locality as holotype.

Rhacophorus granulosus Guibé, 1975: MNHN 1953.160
(holotype), forest of Moramanga.

Hyperolius idae Steindachner, 1867: NMW 14845 (holo-
type), Madagascar.

Rhacophorus boulengeri Peracca, 1892: MZUT Am.
90.1 (lectotype), Andrangoloaka.

Rhacophorus catalai Angel, 1935: MHNP 1933.237
(holotype), surroundings of Fianarantsoa.


